The paper examines the problems relating to artificial lighting in hospital wards, and offers some rational solutions in terms of lighting fittings design. It also shows application techniques to produce adequate illumination with minimum glare. Wards of traditional and modem layout are discussed, and the principles of lighting them are examined in relation to the recumbent patient as well as the needs of the staff; the study includes general lighting, bed-head lighting, night-lighting, watch-lighting and lighting for examination.
(1) Introduction This paper examines the problems of artificial lighting requirements in modern and upgraded traditional hospital wards, and some possible solutions are suggested in terms of lighting fittings specially designed for these applications. The subjects of permanent supplementary artificial lighting and daylighting are excluded except where relevant to lighting fittings design or application techniques.
Hospitals contain interiors serving diverse functions, some of which are similar to those found in industry or commerce, and these may be lighted in much the same way; such areas include kitchens, laundries, libraries, lounges and offices, and all nonmedical rooms generally. However, the peculiar functions of a hospital necessitate specialised interiors-such as operating theatres, clinics, treatment rooms and wards-for which special lighting techniques and fittings may be required in order to satisfy the desired standards of hygiene, electrical safety, freedom from glare, reliability, silence in operation and ease of maintenance. Lighting fittings designed for more general application are rarely suitable for ward use.
Hospital architecture is in a state of rapid development in this country today, and the Ministry of Health is carrying out research and development in architecture, services and equipment to keep abreast of the hospital reconstruction programme which is now gathering momentum. In order to be able to advise correctly on the lighting of hospitals, it is necessary for the lighting engineer to understand fully the objectives of recent developments in their architecture. The layout and construction of modern hospitals have been influenced primarily by a need to create buildings functionally suitable for the task of caring for the sick, in conditions of hygiene and safety, and with proper attention to all aspects of environmental comfort ; these factors have been more important than the advent of new materials and constructional methods, which generally are employed only on grounds of economy and convenience.
(2) Ward Accommodation (2.1) Traditional wards A typical non-specialised ward in an average prewar British hospital would have had about thirty-six beds arranged with their heads to the long walls in which the windows are set; dimensions might be about 26 ft by 100 ft, with ceiling height of approximately 16 ft (Fig. I) . These 'Nightingale' wards still form the bulk of available accommodation, although many have been upgraded or partitioned almost out of recognition. In the large older wards the daily work of trolley preparation, sterilising of ward instruments, medical examinations and many treatments are performed in the ward, the centre space being a hive of activity all day and for much of the night; only limited ancillary room-space would be provided, consisting of the ward kitchen, sluice, toilets and Sister's office. Privacy for patients would be obtained with wheeled screens, which tend to be noisy and unhygienic ; alternatively, many 'Nightingale' wards have been fitted with railed bed-curtains, which may complicate provision of good lighting.
There are greater risks of cross-infection between patients in these older buildings, especially in surgical wards. The social advantage gained by patients The typical modern ward' comprises a number of associated rooms, each containing a maximum of eight beds. The most common ward unit size is a four-bed unit of about 20 ft by 19 ft, with a ceiling height of approximately 10 ft; a number of singlebed and two-bed units are provided for isolation and 156 barrier-nursing, with a few six-bed and eight-bed units for long-stay patients who are not acutely ill. These rooms are linked by common circulation spaces and corridors, and are joined functionallysharing staff, services, administration, kitchen and stores (Fig. 2) . This type of accommodation permits improvements to the patients' daily routine. ' The wards are usually formed into a block, which may have one of the compact layouts known as a 'wheel' or 'race-track' arrangement . All the rooms are of a domestic scale rather than of institutional propor- In these modern ward blocks the number and diversity of function of the ancillary rooms is increased, and these ancillary rooms require careful study by the lighting engineer as they may be in the 'core' of the building and thus devoid of natural light. The corridor acts as a transitional area between the wards-which usually enjoy good natural lighting-and the central core. The illumination levels provided in wards, core and corridor may have to be related in different ratios at different times of day, as indicated in Fig. 3 , and it is more likely that higher illumination levels will have to be provided in the windowless rooms during the day than at night.
There is reason to believe that the 'wheel' or 'racetrack' ward-layout is not being universally adopted, and could in fact fall out of favour, owing to apparently high engineering costs. The economics of the lighting systems described in this paper are favourable in terms of the expected life of hospitals built Conversely, whatever forms the new hospitals may take, the proposed lighting methods are generally applicable and will produce significant improvements over those used hitherto.'
(3) Principles of Ward Lighting (3.1) General lighting
In a ward for recumbent patients the general lighting must be sufficient and suitable for circulation and amenity over the whole area, and at the bedside and the centre of the ward it must be adequate for the usual nursing procedures, such as reading thermometers or marking charts. The direct illumination on the patient's face from the general lighting should be restricted so as to reduce discomfort glare (see Fig. 4) : however, as the bedhead lighting is usually not positioned so as to light the patient's face, it is recommended that the illumination on his face due to the reflected indirect component of the general lighting should be between 2 and 6 Im/ft2, when using the levels recommended in Section (4). This will enable proper observation of his colour and behaviour. The general lighting should also contribute to the decor and help to produce a pleasing interior-which is so important to the patient's morale-as well as facilitating the cleaning of the ward outside daylight hours.
(3.2) Bed-head lighting
The patient's bed-head lighting fixture is provided to give a good light for reading and bed-occupations, and should not be required to act as an examination lamp as well. (See Section 3.5.) If it is adjustable, to permit its convenient arrangement relative to the patient's bed-posture, its range of movement should be limited, so that it is not possible to cause glare to other ward users; but the lamp should be capable of being swung back to the wall, for convenience when beds and apparatus are being moved. It is better not to provide bed-head lights in children's wards unless they are mounted 8 ft from the floor (see Sub-section 5.3.2). A watchlight or dimming circuit may have to be provided with the bed-head light if low level night-lighting is to be used. (See Section 3.4.) (3.3) Night-lighting Ward night-lighting must provide the minimum illumination which will permit safe movement about the ward without too lengthy a time being necessary for dark-adaptation on entering the ward, but it is important that the night-lighting should not disturb a lightly-sleeping patient. The function of nightlighting can be combined with that of emergency lighting, and this is an economical method of providing the latter. It is not necessary for the nightlighting to illuminate the patient unless he is out of bed, and low-mounted night-lighting may be used as described in Section 6.4; alternative methods include a novel device mounted on the ceiling as described in Sub-section 6.1.3.
It has been observed by some physicians that nightmares or phantasmagoria are more readily experienced when the ceiling is very slightly illuminated; a fully darkened ceiling seems less disturbing to feverish patients and especially to children. It is recommended that blinds or curtains be drawn over the ward window at night to prevent stray light entering; the shadows of trees cast by motor-car headlights are particularly disturbing, as also is light from adjacent windows. Thus, the night-lighting should be the only source of light in the ward at night. In wards for small children it is sometimes preferred to use a luminous toy, panel or picture as a nightlight; this can be very reassuring to small children.
(3.4) Watch-lighting The purpose of watch-lighting is to enable continuous observation of a very ill patient after the main lighting has been switched off; this must be done without disturbing him, and it is found that very low illumination levels are suitable for this purpose-say less than 0 . 5 Im/ft2 if the nightlighting level is low. The most convenient method is the provision of a small low-wattage lamp in the bed-head light, or the use of a dimming circuit for the bed-head lamp itself; a separate lamp is preferred, as dimming of tungsten lamps produces a noticeable change in colour of the light emitted. Badly designed adjustable bed-head lights can cause discomfort glare, although such lamps are sometimes preferred by the medical staff who use them for examination purposes. It seems unlikely I58 that a fitting could efficiently serve the functions both of patient's reading light and examination light, without being a potential cause of serious glare to other ward users; in any case a wall-mounted fitting cannot be adequate for examining the lower half of the body.
Fittings have been made which are detachable from the wall or locker, but these introduce dangers of electric shock and accidents due to the lamp falling. I t is suggested that the general use of a free-standing wheeled examination lamp in the ward would enable simplification and standardisation of bed-head lighting equipment, as well as providing greatly improved local illumination for diagnosis and treatment. Such examination lamps5 should be hygienically constructed, silent in movement and available in sufficient numbers at all times. A saving in cost might be made by incorporating the examination lamp into the examination trolley which usually accompanies the doctor on his rounds; the trolley could also possibly house a mains transformer, rectifier and battery, making the lamp independent of the mains when required.
(4) Illumination Levels and Glare (4.1) Recommended illumination levels Illumination levels have been recommended for wards by the Ministry of Health,' and these may be compared with the recommendations of the 1961 edition of the Society's Code.6 It is of interest that neither the Code nor the Ministry table specifically states whether the recommended levels for bed-head and general lighting include or exclude the contribution from each other. In practical lighting calculations it may prove convenient to ignore a strip 3 ft wide adjacent to the walls at the bed-heads and to ensure that the average illumination in the remaining central area is of the order of 7 to 10 Im/ft2 at floor level ; this arrangement will more than satisfy the requirements of the Ministry table, which calls for an average of 3 Im/ft2 at floor level over the whole room and not less than 10 Im/ft2 in the centre of the ward. The provision of suitable bed-head lighting and the better-lighted central area as proposed in this paper, will ensure that the average illumination is of the order of 10 Im/ft2 at bed height at all the places where such a level of illumination is required ; the illumination design for low discomfort glare is thereby simplified. computed on the basis of the 1961 IES Code, are not easily applied to the case of the reclining patient. The usual criteria for determining the degree of discomfort still apply, but as the installation does not consist of a regular array of fittings, and as the observer's line of sight is not horizontal but may centre on a lighting fitting suspended almost over the foot of his bed (see for example Fig. 4) , the normal methods of calculation cannot be applied. Fortunately, ward dimensions and colour schemes are now becoming sufficiently standardised for experimentally successful results to be transferred to real installations;' for this purpose a model ward ( Fig. 5) is an invaluable asset to the designer. The experimental method permits consideration of the unnatural postures of the patient, and his fixity due to disease or restrictive appliances used in his treatment. Discomfort glare may be present and distressing to a patient while not being at all noticeable to the staff, for the patient's eye level and direction of view are never shared by his medical attendants. Prolonged exposure to even moderate glare may cause headaches and nervous tension in sensitive patients or those who are prone to ocular discomfort because of disease or the effects of medication, and recovery from any type of malady might be retarded by such Vol. 28 No. 4 1963 conditions. Reflected glare from any surface should be avoided if possible; if a television set is provided, care should be taken to avoid distracting reflections in it from the general lighting. The principal difference between conditions of use of lighting fittings in hospitals and in other interiors arises from the stringent medical requirements for hygiene. Airborne dust particles are vehicles for the transport of harmful bacteria. Lighting fittings for hospital use should have the minimum area of horizontal or near-horizontal surface on which dust can settle, and such dust must be easily removable by simple cleaning methods. Although through-draught fittings may be used, they must be so made that settled dust is unlikely to be re-convected into the air. Any dust in enclosed fittings should be inaccessible without the use of a tool or key to open the unit. Lighting fixtures, in common with other items of ward equipment, can be the medium of transfer of infection by surface contact or by the dust particles they may harbour.8 The use of antibiotic drugs has resulted in the evolution of antibiotic-resistant bacteria which can cause 'established infections' in hospitals ; the light fittings may therefore require sterilisation and physical cleansing to restore hygienic conditions, in addition to routine cleaning necessary to maintain light 0utput.O It is convenient if lighting fittings are so made that they may be easily detached from the installation for cleansing elsewhere. To aid efficient cleaning, no porous or spongy material should be used for packing or insulation. The external surfaces of fittings must be smooth, and devoid of apertures or crevices which cannot easily be wiped clean. High quality paint must be used, and the finish must be well bonded to the metal and homogeneous in character so that it has good resistance to humidity. It is not usually a requirement that the paint finish should withstand hot sterilising processes, but metal treatments and paint finishes should be capable of withstanding frequent wiping or washing with water containing soap, soda, detergents or disinfectants. The mounting of wound control-gear for fluorescent tubes must be such as to ensure that the inevitable minimum hum is not amplified by resonance of the fitting or the structure to which it is attached; this provision also applies to the mounting where the control-gear is located remotely from the tubes.
No part of the fitting should rattle when in a draught of air, or when subject to normal building vibrations. Electrical safety of a very high order must be achieved; this is especially important in the case of bed-head fittings which are accessible to patients who may tamper with them. Adequate earthing must be provided ; the construction must be robust and capable of being securely fixed to wall, partition or locker. 'Pear' and 'torpedo' switches at mains voltages are dangerous in wards, and the use of lowvoltage relay switching at 4 to 24 volts is recommended. Relay-actuating control switches for bedhead lights may be incorporated in the patient's nurse-call apparatus. If a mains-operated switch has to be incorporated in a bed-head light for the patient's use, it is advisable to make it operated by a nylon pull-cord (which is easily sterilised) or by a disposable manilla string, as this arrangement makes for hygiene and electrical safety. Electrical connections should be inaccessible without the use of tools; provision must be made for easy cleaning of the inside of enclosed fittings without risk of electric shock to the cleaner.l0 
.) Mechanical sajety
Removable portions of fittings should, if possible, be so made that gravity assists their retention in position; locking devices should be positive and not dependent on a spring. Sick people are often unpredictable in their behaviour, so fittings should be capable of withstanding a fair degree of tampering and rough usage. A child of five years of age can reach to a height of about 8 ft when standing in a hospital cot ; therefore, any bed-head light provided in juvenile wards must be regarded as being freely accessible to the children. (This paper is not intended to cover the requirements for the lighting of mental hospitals, but it may be noted that mentally disturbed patients are often accommodated in general hospital wards.) (6) Practical Ward Fittings and Their Use (6.1) Pendant units (6.1.1 .) Design considerations
The most generally acceptable method of providing the main lighting in a ward is to employ pendant fittings having a fairly high proportion of upward light. It is necessary to shield the light source, and to provide very moderate brightness of fittings as viewed by the patient. It is difficult to produce 160 suitable diminution of glare by the use of diffusers, and the many hundreds of existing ward installations using diffusing spheres or 'acorns' with incandescent lamps may be condemned for this reason. Glare cannot usually be adequately limited by diffusers in ward fittings even when using fluorescent tubular lamps, which have a much lower intrinsic brightness than incandescent lamps.
The employment of indirect or semi-indirect fittings may be limited by the incidence of over-bright reflections from the ceiling. Although the use of high-gloss paints on ward ceilings is less prevalent today, reflections from certain plastic finishes used for walls and ceilings may give rise to discomfort; some ceiling tiles, although appearing quite matt, are found to behave in a semi-specular manner when installed. Allowing for these dangers of ceiling specularity, indirect or semi-indirect general lighting is acceptable for wards.
It may be objected that wholly indirect lighting is inefficient and costly; a compromise may be reached by using a semi-indirect fitting with metal sides and having suitable light-absorbing opaque louvers. Ward dimensions and bed layouts are now becoming sufficiently standardised to enable the use of this type of design, and several practical fittings have been developed with which it is possible to satisfy the requirements for illumination levels. Welldesigned pendants of this type can produce extremely comfortable conditions for the patient; it is an advantage if some light can be directed on to the outside of the fitting to reduce the brightness ratio between the fitting and the ceiling.
(6.1.2.) Fluorescent lamp pendant fittings Fittings to take one or two tubes of 4 ft or 5 ft length have been designed having the required semiindirect distribution and providing good illumination over the ceiling and walls to create a restful and pleasing appearance, with adequate downward lighting for the centre of the ward. Such fittings should be mounted with the longer axis at right angles to the beds, as seen in Fig. 5 , and are usually intended for use at a mounting height of 8 ft from the floor to the underside of the fitting. Correctly positioned, they cause hardly any discomfort to bed patients.
It is possible to make a very attractive shallow fitting ( Fig. 6) to house two fluorescent tubes if the control gear is ceiling-mounted in a box to which the down-rods are attached, although this design is usually not suitable with heated ceilings; alternatively, the control gear can be housed remotely or in the fitting. The brightness of this type of pendant as seen by the patient is restricted by dark coloured opaque louvers, the louver assembly being removable for cleaning. In a typical four-bed ward of 19 ft by 21 ft 6 in. by 10 ft high, having ceiling and wall reflectivities of 70 per cent and 50 per cent respectively, illumination levels will be roughly as shown in Table 1 . 
.) Incandescent filament lamp pendants
The principles outlined for the fluorescent lamp fittings mentioned above have also been applied to designs of incandescent lamp pendants recently developed for ward use, which have evolved from the principles embodied in the design of the Nuffield Foundation 'Drum' fitting." The new units provide adequate illumination and suitable brightness of the ceiling and walls and also achieve sufficient direct lighting over an appreciable area below the fitting, while their brightness is limited in the direction of recumbent patients.
One design of fitting (shown in Fig. 7(a) ) is made with steel concentric drum louvers and a canopy designed to avoid a dark shadow on the ceiling; the inner drum is enamelled light grey to limit discomfort glare to a patient. This unit has been developed in conjunction with a ceiling-mounted night-light attachment' which houses a small lamp in a canister, so that at night the main fitting appears slightly luminous, but very little light is reflected back to the t Excluding strip 3 ft wide along walls at bed-heads. Fig. 8 (above) . Sketch of section thro:cgh a cove reflector system. Fig. 9 (right) . Sketch of section through a simple cow reflector system giving minimum projection from wall.
ceiling. Another design, illustrated in Fig. 7(b) , has spun aluminium concentric louvers which have a very low brightness when seen from the patient's viewpoint, yet giving maximum utilance in lighting the ceiling and areas directly below the fitting. Both versions offer the practical minimum of horizontal areas on which dust can settle.
(6.2) Indirect lighting system Pendant lighting fittings of low glare characteristics are difficult to use where the ceiling height is less than 10 ft; recessed or semi-recessed units are more convenient, although they may not light the ceiling sufficiently well. Wall-mounted indirect lighting fittings can be used successfully if the light source is masked from view, the units being mounted some 6 ft from the floor, thus placing the light source lower in relation to the ceiling than is possible by suspending it at the centre of the ward, and so giving more even ceiling brightness.
(6.2.1 .) Fittings design
Some ingenious optical systems have been proposed for the control of light from wall coves in wards, to concentrate the flux of a standard or reflector tube without producing a hardcut-off and without an over-lighted area of wall and ceiling immediately above the lighting unit. Of interest are the 'corrugated louver' design,* and another construction which uses a pair of plate reflectors (Fig. 8) , the upper one having a turned-up portion to deflect a small amount of light on the wall immediately above the fitting. A further design utilising a reflector tube employs a vertical specular aluminium reflector, and has the advantage of very little projection from the wall (Fig. 9 ). If indirect lighting from wall-mounted coves is employed, combining the cove unit with the bed-head unit may be advantageous. In practical installations of this type it has been found necessary to supplement the lighting at the ward centre by the use of small louvered incandescent lamp fittings having low brightness towards the patients. 
(6.2.2.) Applications
It is common current practice to have permanent curtain rails round each bed, the drawing of the curtains giving privacy ; however, if the ceiling height is low there may be some difficulty in suitably positioning lighting fittings. This is acase where indirect wall-mounted coves may be useful, for the coves do not have to be associated with individual beds but may be placed midway between two beds so that the fitting gives half its output on either side of the drawn curtain. Alternatively the coves may be continuous along the wall.
Small wards are difficult to light because of the limited choice of positions in which the lighting fittings may be placed; the danger of glare to the patient is much greater in small wards, and the use of indirect wall coves mounted at the bed-heads presents a useful solution. Two possible arrangements for wards exist, namely beds 'side by side' or beds 'foot to foot'; the latter layout can usually be lighted satisfactorily with suitable low-brightness pendants if the ceiling height is about 10 ft or more.
In low ceiling wards, and in 'side by side' layouts, comfortable conditions can usually be obtained by using indirect wall-mounted cove units above the beds.
(6.3) Bed-hmd 5ttings (6.
.) Fixtures for incandescent lamps
The use of a tungsten-filament lamp often means that some adjustment may be necessary to avoid a shadow being cast by the patient's head on to his book. With a suitable outreach arm and light control, the obstruction can be so minimised that a non-adjustable design may be adopted for use in most medical wards; in surgical and orthopaedic wards an adjustable lamp may sometimes be better. should be able to do it for himself with the minimum of effort. Preference is sometimes expressed for the bedhead light fitting to be mounted on the locker or on the bed-frame; this is not recommended as such arrangements necessitate flexible electrical cords, which are a potential source of danger. Wallmounted units are preferred, although it is said that these rigidly fix the positions of the beds; as other services are also provided at fixed points, this is not a serious objection. The lightweight insulatingboard materials now used for partitions in wards may make the provision of a secure fixing for the bed-head lamp rather difficult ; a neat appearance, hygiene and safe introduction of the supply may necessitate the provision of a support plate to reinforce the attachment. If low-level night-lighting is used, a watchlight or dimming circuit will be necessary, this feature being desirable even when other forms of nightlighting are employed. The watchlight may comprise a lamp of 15 watts or less, mounted within the same reflector housing as the patient's reading light but separately switched (Fig. 10) ; the switch for the watchlight should be local to the bed but not under the patient's control.
Another type of bed-head light deserving of more attention is the incandescent high-level type, which is mounted on the wall 8 ft or more from the ground, or is recessed ir.to the ceiling. No adjustment is necessary and the fitting is inaccessible without steps ; it is, therefore, suitable for psychiatric wards and children's wards, because the fittings are out of reach. Daily cleaning is not necessary and these units would be cleaned and re-lamped by the maintenance staff. Accurate control of the beam ensures no discomfort to patients in adjacent or opposite beds, and these high-level lamps can be dimmed to operate as watchlights ; individual switching of the lamp is provided, as with other types.
(6.3.2.) Fixtures f o r fluorescent lamps
The use of a fluorescent tubular lamp as the source for the patient's bed-head light may permit the fixture to be mounted either close to the wall or on short-outreach arms, so that the fitting is in the optimum position and no adjustment is necessary. Where the general lighting is achieved by wallmounted indirect units it may be convenient to incorporate a fluorescent downward light into the same unit ( Fig. 1 l) , or to provide a matching pair of upward and downward units (Fig. 12) . The confusion of colour discrimination which may arise by using mixtures of sources is avoided by employing fluorescent tubes for both general lighting and bed-head lighting. Fittings have been devised which use one, t n o or three 2-ft tubes (20 watt or 40 watt) arranged so that by rotating a reflector or shield, light is directed either upward to contribute to the general lighting or downward for reading ; mechanical movements of this type can make maintenance and cleaning difficult.
Fluorescent tubes of 4 ft and 5 ft lengths have been used in wall-mounted bed-head lights, but these have the disadvantage of casting light on the patient's cheeks and eyelashes so that he becomes conscious of being strongly illuminated from the sides, giving rise to a feeling of discomfort. It is advisable to restrict bed-head fluorescent sources to a maximum length of 2 ft, since sideways shielding of tubes longer than 2 ft is difficult at usual bed spacing. Careful control of brightness is necessary H ith fluorescent bed-head units, the brightness of the wall adjacent to the fitting being important.
'Console' units for one, two or more beds, incorporating upward and downward lighting and also housing other bed-head services, have been employed in USA and are attracting interest in this country. Fluorescent tubes are very suitable for this type of assembly.
(6.4) Night-lighting
Night-lighting is important to the patients' welfare and comfort, as well as aiding efficient nursing at night. Lamps for night-lighting may be incorporated into the general lighting units, or combined with emergency lighting units or provided in special fixtures. Clear or colour-sprayed low-wattage incandescent lamps have been used, as have glow-lamps, and small fluorescent tubes are now also being employed for this purpose.
Various designs of low-mounting night-lights are now available as practical fittings, and are generally arranged to give all their light output below the horizontal, a flat-topped wide beam being the ideal distribution. Such units are usually mounted not more than 18 in. above the floor, and a reasonably efficient design containing one 15-watt pygmy lamp Fig. 1 3. Low-mounting night-light, using fluorescent lamp. 
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will give adequate night-lighting in a typical four-bed ward. Another type employs a 9-inch 6-watt fluorescent tube (Fig. 13) ; this fixture can be made as a double-sided unit for centrally recessing into a partition wall to provide night-lighting in two areas, for example as an economical means of providing a night-lighting and emergency lighting system for a corridor and its adjacent wards. A rotary converter set would be necessary to convert the standby battery power to a.c. ; but as the light sources are of very low wattage, the cost may be less than that of the alternative method of using separate low voltage wiring to filament lamp fittings provided solely for emergency use. A high-mounting nightlight unit which does not cast stray light on the ceiling is referred to in Subsection 6.1.3. above; it is a development likely to become popular because of its simplicity and low cost.
Numerous experiments have been made with electro-luminescent paneIs,l2 but these have generally proved to be unsuitable except as markers for emergency exit lanes, and the like; the light output of electro-luminescent panels is diffused and difficult to direct, and they require shielding, which does not easily lead to practical fittings. Electro-luminescent panels are very reliable and give long life, but they are not likely to be favoured as ward night-lights, because of their tendency to produce glare at lowadaptation levels and the intermittent nature of their light output, which can irritate sensitive patients.
(7) Choice of Light Sources for Wards (7.1) Economics
The use of fluorescent tubular lamps for lighting in wards is justified by the hours of burning, which may be 1,500 to 3,000 hours per annum, varying according to the daylight factor and level of illumination required.13 Also, in 'compact' blocks there are areas which receive little or no natural light and artificial light is required continuously, thus strengthening the economic case for using fluorescent tubes for general lighting.
(7.2) Colour
It is possible to make a reasonable match between fluorescent tubes and natural light; this is of importance where natural light is to be supplemented, or where the staff may frequently pass between naturally and artificially lighted areas. Tungsten filament lighting requires smaller capital outlay and may be preferred for this reason ; some medical staff prefer tungsten filament lighting because of their familiarity with its colour-rendering properties, although the 'cooler' colours of fluorescent tubes probably give more faithful rendering of skin and tissue. Fluorescent lighting is more readily accepted as a source for medical use when the illumination provided is greater than 15 Im/ft2, and at illumination levels in excess of 50 Im/ft2 the colour rendering of the fluorescent tube is usually considered to be superior to that of tungsten filament lamps. The judgment of colour of the patient's face (especially when he is anaesthetised) is a critical task which some doctors say can only be adequately performed under incandescent lighting. However, fluorescent lighting is more readily accepted in cases where there is no mixture with natural light, or where there is no basis for comparing the colour appearance of the fluorescent tubes with the colour appearance of sky ; thus windowless operating theatres successfully employ fluorescent lighting.
(8) Corridor Lighting (8.1) Requirements
In compact ward blocks the success of the lighting system will generally depend on a good solution to the problem of lighting the corridors, for not only are the corridors provided with very little natural light (usually 'borrowed from the wards) but they act as transitional areas between naturally lighted and artificially lighted rooms.
Careful control of the brightness of fittings is necessary to prevent glare to patients in adjacent wards through glazed panels between the wards and corridor. The simple solution of providing stronglydirectional downward light is seldom acceptable, because of discomfort to patients when being transported in the corridor on a trolley or wheeled bed; Vol. 28 No. 4 1963 the downward brightness of the fittings should therefore be restricted.
(8.2) Methods
Installations must be devised in relation to the architecture and dimensions of the corridor. A possible general solution is the use of fluorescent tubes in a slot adjacent to the junction of wall and ceiling on the ward side (Fig. 14) ; the shielding angle of the tubes must be such that they are cut off from the sight of a patient on a trolley in the centre of the corridor. If the wall between the corridor and the wards contains no windows it may be possible to use a diffusing fitting of conventional design in the corridor, but it is desirable that the fitting should have a low brightness downwards.
Whichever system of corridor lighting is adopted, it may be necessary to provide different levels of illumination by day and by night, as indicated in Fig. 3 above. Provision for emergency lighting must also be made, and in some cases the low-mounted fluorescent night-light fitting described earlier could fulfil this function.
(9) Conclusion
New problems posed by the current renaissance of hospital construction are stimulating some original thinking in the development of appropriate lighting fittings and techniques. It is possible that some of these developments may find application in other fields, and it is probable that fittings of the types described in this paper will be further developed, leading to improvements in future installa-tions. The environmental comfort of patients is of importance, and good lighting can play its part in creating interiors which are appropriate to the hospital function, yet help the patients to feel reassured and secure. Good illumination technique in the wards can aid the patients' recovery by its functional suitability and its contribution to the creation of pleasant interiors.
Discussion

M R D. J. P E T T Y :
I wish to join with your President in complimenting the authors on the care with which they have prepared their paper and presented it this evening.
I do not remember how many brand new hospitals are in the hospital programme of f500m; however, apart from the new hospitals, large sums of money will be spent in redeveloping existing hospitals, and it is therefore appropriate to have this paper presented this evening.
Since the publication of the hospital plan there have been many requests for guidance on lighting hospitals. A strong case has been made for a more 166 rational approach to the design requirements of lighting installations; there have been too many special hospital fittings demanded for what should be similar lighting requirements. As a result, about a year ago the Ministry asked the Joint Committee of the Medical Research Council and Department of Scientific and Industrial Research on Lighting and Vision to look into some of the lighting problems and to make recommendations. This Committee has produced its first report, which sets out the principles of ward lighting and these have been accepted by the Ministry. Last week the Report was sent to Regional Hospital Boards and to Boards of Governors, endorsing the principles and practices advocated; a copy of the recommendations was also sent to your Society. The Committee's report is based on the earlier work of the Building Research Station and the Nuffield Foundation. Many of the recommendations are in agreement with the views expressed by Mr Lyons and Mr Cross in their paper; other countries are also thinking along similar lines -notably Sweden and to some extent the USA. The recommendations are not in the form of standard solutions or standard designs for lighting installations or fittings, but set out principles to be followed in lighting wards and in the design requirements of light sources. It leaves the designer free to develop his ideas, and it will now be possible to concentrate on rational solutions of ward design and hospital lighting.
With regard to the number of beds in wards, the general pattern in this country is to have singlebedded wards, multi-bedded wards of four or six, or occasionally eight beds, but not two-bedded wards as mentioned by the authors.
I am in agreement with much of the authors' opinions on bed-head lighting. Personally I prefer to use the term 'patient's reading light', as this indicates that the fitting is primarily for the use of the patient, and is not a general purpose examination light. It is difficult enough to design fittings for patients' needs (bearing in mind other patients in the room) without complicating the design any further.
I am sure that the suggestion for a mobile examination light for plugging-in by the bedside is on the right lines. The trend in ward design is to have a treatment room in every ward, and any extensive examination or treatment required will be done in the treatment room, and not at the bedside; the occasions that a portable examination light will be used are comparatively few.
The authors suggest that reading lights should be placed out of reach of children and certain psychiatric patients; the preferable solution is to think in terms of unplugging the lamp and removing it from the ward when it is not required for such patients.
This fits in with the trend to design wards for multipurpose use, where it should be possible to change from one specialty to another with the minimum of alterations. It seems to me that the bed-side reading lamp offers most scope for development, and 1 look forward to seeing new ideas in the near future. We have seen the lighting demonstration in the model, but, in practice, wards always have a great deal more equipment than shown in the model. Equipment adds to the problem of lighting of wards, and must never be overlooked.
M R M . B. C L A R K :
I was interested to learn that, in the authors' opinion, the race track ward-layout could fall out of favour due to apparently high engineering costs. Whilst agreeing that this particular form of layout is not being adopted universally, I believe that its use will be more widespread in the future. 1 have figures for two hospitals where capital costs are comparable, with only minimal increases in running costs. Could the authors explain in this conection what they mean by 'The economics of the lighting systems described in this paper are favourable in terms of the expected life of hospitals built now'. I don't know what the expected life of a hospital is, but John Constable has stated that the life of the structure is likely to be in excess of 60 years and that any lighting system will probably be replaced three times during this period. A week ago I went to a hospital where conical shades are still in use for bedhead lighting; I couldn't help wondering if they were now classed as 'structure' or whether they would be replaced during their next 60 years of life.
1 would query both the economics of, and the illumination achieved by, low level night-lighting. Complaints have been made both in respect of the coverage given by this method (to which one answer is to increase the number of fittings) and on the score of specular reflection from the usual highlypolished floor. The wiring of completely separate low-level points is inherently more expensive than additional wiring to the general lighting points, and in order to provide satisfactory coverage will almost certainly be more expensive than the dual-purpose general lighting fitting.
A method of night-lighting I have seen installed on a recently-completed ward unit was by means of small inverted troughs housing 15-watt pigmy lamps recessed into the tops of screens between wards to provide totally indirect night-lighting. This ward unit is not yet in use, but in view of the authors' comments on nightmares and phantasmagoria, I should like to know if they would expect such an installation to be detrimental to the patients.
I agree completely with the suggestion of using Vol. 28 No. 4 1963 blinds or curtains to prevent stray light entering; but I hope their use will not be so restricted, and that they will be used during the evenings generally to produce a more comfortable and pleasing interior. The suggestion of incorporating on the examination trolley a n examination lamp complete with transformer, rectifier and battery, seems to me unnecessarily elaborate and 1 hope it won't be pursued other than for very small hospitals not provided with standby generating plant. It is my invariable practice (and I hope I am not alone in this) to provide a standby socket in every ward unit.
Ignoring for the moment the controversial question of colour-rendering. I have some difficulty in finding an economical case for the use of tungsten general lighting in wards. 1 have estimated that, on average, ward lighting will be burning for something approaching 2,000 hours per annum, against some 300 hours per annum in a general ofice interior; and with the trend towards higher levels of lighting generally, any increase in heat sources will tend to be reflected in the mechanical ventilation plant capacity. If it is accepted that fluorescent fittings are preferable t o tungsten fittings, 1 should like to know if consideration has been given to the circular tube for ward use-for example, double or triple banking of such tubes in a fitting with suitable arrangements of reflectors.
The authors d o not recommend the use of lockermounted fittings for bed-head lighting. I would suggest, however, that such an arrangement (although by no means common) is certainly not unusual, and that the danger associated with two yards of flexible I.v. cable between a bedside locker and the adjacent wall has been overstated. I should also like to know if the authors have had any experience of ceilingmounted fittings for bed-head lighting, and if they could provide any information on the 'Console' units employed in the USA.
Finally, I was told recently by a fittings manufacturer who was approached by a Hospital Board to design a bed-head fitting to conform with a detailed specification, that when he approached the adjacent Hospital Board on the subject he was dismayed to learn that several clauses in the specification would be wholly unacceptable to the latter Board and were the contrary of their own requirements. I wonder if this is the reason why, out of approximately 40 manufacturers listed by the BLC, only 13 were stated as being interested in hospital lighting; moreover out of this number to whom I recently wrote only nine replied, and from these replies it was evident that only three were making any serious contribution in this field.
M R R . L. C. T A T E :
About eight years ago when I 9. H. CROSS AND S. L. LYONS made a survey of hospital lighting there was an idea that wards might best be lighted from the walls only, by fittings which gave indirect lighting and bed-head lighting if required rather like some of those shown to us this evening; the point was that no central pendants were used. Has this idea completely died or is it still valid? One design of bed-head light had sloping louvers, the idea being that when a patient is on his back looking straight up to the ceiling ordinary louvers are useless; it was also possible by this means to cast rather more light towards the foot of the bed. Unfortunately, not only were the louvers awkward to clean, but patients used to twist them round so that they could see to read! My own company has recently produced a similar fitting using a special glass which overcomes both these difficulties ; the high cost of this material precludes its use for fluorescent fittings, but it appears quite suitable for the smaller (tungsten) fittings.
Where there are gantries (as in orthopaedic wards) making bed-head-lighting difficult, would it not be possible to stop your ceiling just short of the wall and install bed-head and some ward lighting in the resultant slot?
Finally, I should like to hear the authors' observations about corridors, which were given very little space in the paper. This lighting is particularly important because, when a patient is coming back from the operating theatre into the ward, it is necessary for the medical people to watch his face. If the corridor is lighted solely by spill from the glass walls of the ward this is difficult. If you use continuous fluorescent lighting as recommended will you not get complaints from the medical people that they cannot be sure of the colour of the patient's face?
M R E. HARRISON-JONES: There is a very important message here, that lighting for hospital wards is an extremely specialised subject. This is no doubt obvious to those here, and we would hope that it is equally obvious to those who have a responsibility either at the Regional Boards or as consultants or architects for lighting; however, if day-to-day practice is anything to go by, this does not generally appear to be the case.
One of the great difficulties in establishing a specialised range of hospital lighting equipment is a great difference of opinion among those who are undertaking or recommending lighting design, who frequently hold the conviction that their particular problem can be resolved only by designing special fittings for their project. To achieve simple cleaning, brightness characteristics within the Ministry of Health recommendations, efficiency in the region of 70 per cent, and to do all this economically, is a major problem and leaves littl: room for design I68 manoeuvre, particularly when dealing with fluorescent equipment. If equipment is to provide the best solution consistent with the most economical means, then it must be mass-produced, and the user must accept the discipline of a measure of standardisation; lighting systems to comply with the paper are quite practical, they cannot be achieved economically on a one-off special design basis. Naturally, we look to the Ministry for help and guidance on this matter, but if this paper achieves appreciation of the solutions by standard means, it will have made a valuable contribution to the hospital programme.
I have one technical question; do the authors consider that the same comfort rating is required for all positions, or would it be permissable to accept a higher glare index for positions in the ward other than the bedded patient? A modification of the strict regulations relating to visual comfort on these lines would affect, by simplification, the design of fluorescent equipment, which would have a significant effect on overall costs.
M R G. P. C U N D A L L :
The paper deals with ward lighting only, not the lighting of a ward unit, and I think that this is unfortunate. The authors have dealt with the particular subject in great detail, but it would have been of more value if they had related the ward to the surrounding areas. The first clause of the IES Code reminds us that we should correlate lighting in all parts of a building; this is particularly important in a hospital, both in respect of brightness and colour-rendering, because there is so much movement from one part to another. Consistency of colour-rendering is important because medical staff have to make critical judgments of colour not only in theatres and treatment rooms but also in corridors and wards; it seems, therefore, to be quite fundamental to establish whether fluorescent lighting is acceptable to medical staff. In my experience as a consulting engineer (which is fairly limited in the hospital field) I don't find any unanimity at all. We must first establish whether a fluorescent light source can be made which will be acceptable in large measure both for diagnostic purposes and for general use. The colour of any fluorescent lamp chosen may affect the levels of illumination to be recommended ; for example, if the colour is cool more light will be needed for pleasantness than if the colour is warm.
Mr Clark has mentioned the importance to a services engineer of the use of fluorescent lighting, particularly in double-corridor hospitals, in order that the ventilating or air-conditioning load may be kept to a minimum. I think more emphasis should have been given to the table of different levels of illumination recommended for the ward, the corridor and an internal service room; 1 don't know of any authoritative statement based on subjective experiments of what the relative brightness should be in these areas, although I know opinions have been expressed. It seems to me to be arguable that if the corridor is used as a transitional area, then during the day the illumination in it could be less than that in the ward but higher than that in the core. Such argument may well be false; certainly the authors did not recommend such a pattern and it would be interesting to know how they arrived at their recommendation. It is vitally important to those of us who have to ensure reasonable temperature as well as illumination, to know how much light really is necessary in such areas, and we look to the lighting specialists for guidance on the subject.
It would also have been interesting to have heard of the-evidently unsuccessful-attempts which must have been made to solve the lighting problem without recourse to suspended fittings, which are dust collectors and intrude (sometimes annoyingly) into the ward space; this solution would then be more readily accepted as being the best available at the present stage of the art.
M R H . LOCKSLEY H A R E :
Iamparticularlypleased to have had the opportunity of attending this meeting tonight, because as a member of various committees, I have been concerned for some time with the problems which have been referred to in the paper.
I think possibly we would all agree that if a hospital could be designed by architects and engineers alone, we should finish up with an excellent job! Unfortunately, there are many others concerned ; there are doctors and matrons and administrators sitting on these various committees, and they usually consider (possibly not without reason) that they should have the last word. Indeed, if one suggests that something other than what they consider right is recommended, either by us architects, the engineers or the Ministry of Health, the reaction is 'then why are we here? ' For one 800-bed hospital with which we are concerned at the moment, we have a mock-up of a 4-bed ward on which have been tried out various bedhead lights, ceiling lights and night lights. The fixed type of bed-head light was ruled out at once, as was the swivel type on a short arm; it was felt that neither of these fittings would permit inspection or minor treatments which might be desirable in the ward and for which a mobile lamp would otherwise be necessary. Although this may be considered to be asking for the impossible, a fitting has been approved which it is felt will satisfy the conditions stipulated, and a prototype is at present being tried out. For the ceiling fitting, the suspended type of fluorescent fitting with Vol. 28 No. 4 1963 louvers, similar to that demonstrated on the model, appears to be acceptable, with pygmy lamps in the top which provide the night lighting.
I should be particularly interested to know the most efficient form of lighting for corridors. I have in mind a ward unit on the 'race track' plan where the lighting in the central spine has been designed so that the intensity can be increased during the daytime when the wards are in daylight and reduced at night time; the corridor lighting is complicated by the upper sections of the ward walls being glazed and the additional problem of avoiding any glare from the corridor when the ward is in darkness. I do not feel that any really satisfactory solution to this problem has been found. M R D. C. PRITcnARD; A figure of 10 Im/ft2 was quoted for the centre of the ward and 2 to 6 Im/ft2 for the bed-head; I am intrigued as to the reason why we should be so sympathetic to the person in bed to give him this illumination level. In the day he has levels far above this and does not apparently suffer great discomfort from it.
In the examples we were shown of the model with the 8ft 6 in ceiling, it was suggested that the best method of lighting the ward was by indirect lighting from the walls. I would question whether one can get the proposed illumination values in this way.
One source of glare is the bed-head light; if we accept the illumination levels, the ward will have a bright centre and comparatively dark walls, and the bed-head light will become more glaring. Are the illumination levels recommended practical, and is this variation necessarily preferable to an evenly illuminated ward?
M R J . N . R O B I N S O N :
One of the main objections to linear light sources located above the head of the bed is the vertical modelling created by it on the patient. People in hospital are usually ill, and it is bad practice to make them look more so by poorlydesigned or incorrectly-located lighting fittings. The bed-head light as shown installed at Addenbrookes is an example of this.
Mention has been made in the discussion of the colour-rendering properties not only of various light sources but also internal decor, whereas the problem that faces the anaesthetist today is the colour (i.e. skin reflectance) of the patient, be he European, Nigerian, Pakistani or Chinese.
M R M. W. P E I R C E :
I am rather horrified at the suggestion that hospitals in future may have a ceiling height of only eight feet. While the ingenuity of lighting engineers is very great, I would assure the architect that this low ceiling makes it very difficult to comply with the special requirements of a hospital I69 ward. It may well be that an altogether different system of lighting would have to be considered for wards with a ceiling height of less than nine feet. M R W I L S O N : Asanarchitect, could I ask theauthors how practical is it to have individual control over the illumination over the beds? We talk of standards; presumably standards where individuals are concerned must vary considerably.
D R R . G . H O P K I N S O N :
The question of thesuitability of fluorescent lighting for use in hospitals is at the moment being investigated by a panel of the Joint Committee on Lighting and Vision of the Medical Research Council and the Building Research Board. This panel will need to undertake fairly extensive experiments before it is able t o report. There is also the related question of visual adaptation as staff move from one section of the hospital to another. If, as may happen, the compact plan of hospital design is adopted, many (if not all) of the internal sxvice rooms will be lit artificially and will receive little or no direct daylight; there is therefore an adaptation problem in moving from the internal artificially-lit service rooms to the external peripheral wards. This question is very important for lighting design, and also for the general design of the services, such as heating, ventilation and air cooling plant. Recent studies a t the Building Research Station have indicated clearly the general levels of illumination necessary for these internal rooms; once the Medical Research Council Committee has reported on the feasibility of using fluorescent lighting, decisions can be reached as to whether these levels are obtainable without undue heating effects.
At a recent symposium at the Royal College of Surgeons when lighting was discussed, it was stressed that the objection which many medical people have to fluorescent lighting is not so much to the spectral quality of the lighting itself, but to the fact that they have to get used to the unfamiliar colour-rendering which it gives, in order to judge the condition of patients in wards and treatment rooms. Many medical staff are prepared to co-operate with lighting engineers, and to re-learn the colour clues which are absolutely necessary for them in judging, for example, the onset of cyanosis; but they d o insist on having the same type of fluorescent lighting throughout the whole hospital so that the colour-rendering is uniform right the way through. This applies to corridors and treatment rooms, service rooms and indeed everywhere that judgments of colour have to be made. Moreover, there is need for uniformity from one hospital to another, because staff who learn to make colour judgments by the lighting in one hospital d o not want to have to re-learn when they 170 move to another. This calls for the Ministry of Health to decide upon one single colour of fluorescent lighting to be used everywhere.
It is interesting that the recommendations on the artificial lighting of hospitals which the Swedish authorities have recently proposed are very closely in line with those which our own Ministry of Health is now putting forward, based on the work done at the Building Research Station for the Nuffield Foundation. In the new Nacka Lasarett, near Stockholm, the ward lighting is exclusively by filament lamps; after much thought, the designers decided on fluorescent lighting throughout the hospital, except in the wards, where they felt the more cosy and intimate quality of filament lighting was more appropriate. The central ward lighting unit is louvered to cut out glare but to give both upward and downward light, with a light distribution very much the same as that recommended by the Ministry of Health: by switching it is possible to have different levels of light as required, including a very low level of night lighting. The fitting is probably less easy to clean than some of those illustrated by Mr Cross and Mr Lyons: these fittings in turn are probably less simple and efficient in design than the original BRS fitting, which, incidentally, is not the 'Nuffield drum'. The bed-head light at Nacka swivels on a vertical axis but is otherwise not adjustable; this could be improved. The treatment room fitting is an operating theatre unit in miniature, and uses a quartz-iodine filament lamp. Corridors and service rooms are lit by totally-enclosed fluorescent units, using a type of fluorescent lamp not available in this country (but manufactured in Sweden), which tends towards the 'daylight' type but is somewhat warmer in colour.
M R H . E. B E L L C H A M B E R S :
The suggestion of 10 Irn/ftr at the centre falling off to 2 or 3 Im/ft2 at the walls is a quite unnecessarily large diversity: in industry we would not accept a uniformity ratio worse than 0.7, whereas here we have a ratio of 0.2 to 0.3. A recommendation of this kind stems from thinking in terms of a central lighting fitting, having a tungsten filament lamp and possibly of the Nuffield drum type, which it is essential to screen very carefully because of the high source brightness. If we are released from this restriction by using fluorescent lamps, there seems n o reason why the patient should not have adequate illumination with freedom from glare, providing the fittings are properly designed.
Whilst low-level lights (i.e. near the floor) for night time use may prevent staff from falling over objects on the floor of the ward, medical staff also need to some extent to see the patient and other objects within the room; if general lighting a t the
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These aspects of ward lighting need very careful consideration, and before the Ministry of Health or any other committee press forward too far with their recommendation, I suggest they should have a closer look at the problem.
Cleaning is a point which is heavily stressed in all discussions on hospital lighting. In talking of cleaning we should be talking of domestic cleanliness; but for hospital lighting we are tending to talk about sterility, and the lighting fitting forms a very small part of what would carry dust or infection.
On the statement that in the opinion of psychiatrists ceiling illumination tends to cause bad nerves or nightmares, I am sure this must be a personal opinion which could bz contradicted fron many eminent sources.
I would like to add my support to Mr Pritchard's comments on illumination levels in wards. I would also be pleased to hear some further discussion on the nursing and medical practice within a 4-bed bay: perhaps Mr Petty would care to comment on this. The complication of the curtaining h3s bcen avoided in the demonstration, but when this has been brought in, the centre lighting perhaps becomes a bit ludicrous. What are the reasons for the high level of centre lighting? It seems a carry over from the Nightingale type of ward, where some preparation was carried out in the centre; but in the 4-6 bed layout this centre part of the ward is used purely for circulation and not for chart reading etc., as referred to in the written paper. Examinations in any detail would be carried out in treatment rooms, but some minor examinations and treatment would be carried out at the bed, which would need 10 Im/ft2 but less in the centre of the ward. M R D. J . PETTY (additional contribution): I agree with Mr O'Leary that the centre of the smaller wards is not used to the same extent as in a Nightingale ward; nevertheless there is still a fair amount of activity in the centre, such as medicine rounds, which requires a reasonably good level of lighting. I do not agree with the suggestion that there should be more light at the bed-head than in the centre of the ward; patients should be able to go to sleep when the general lighting is on, and the more light there is, the less easily does a person go off to sleep. This is one of the reasons for suggesting that the level of illumi-Vol. 28 No. 4 1963 nation at the bed-head should be just sufficient for the staff to observe the patient and assess his condition, but not so much as to make sleep difficult. I confirm that from an architect's point of view there is a great deal to be said for the 'race-track' ward plan, since this produces a compact type of design and enables services to be grouped together. Unfortunately estimates of cost of mechanical ventilation and permanent lighting of the internal rooms are high, and the present cost rules out their use except in special cases. 1 am therefore very interested to hear that Mr Clark has figures on capital and running costs of engineering services in deep buildings, and I should be very grateful if he would send me details of these costs.
I would also like to ask Mr Peirce for any figurx that he may have on additional costs of lighting buildings with an 8 ft ceiling height as compared with a 10 ft ceiling height. On the architectural side there is a saving in costs by lower ceiling heights, but if the saving is lost because of a higher lighting cost, then there is little to be gained by reducing the ceiling height.
T H E AUTHORS (in reply): When our paper was prepared the information we had at our disposal included references to two-bedded wards, and in fact we have seen some; but we accept that the two-bed ward is now completely out of favour in new buildings. We agree with Mr Petty about the facility for removal of lighting fittings, although we did not say so in the presentation.
We like the term 'bed-head' light rather than 'patient's reading light'; the unit is intended to light the whole of the bed-head, and not just be at the angle suitable for reading a book. Patients are nursed on their sides, or tilted up and in all sorts of positions, and they should be able to do knitting, leathercraft, etc. anywhere over the top third of the bed; when we say 'bed-head light' this is what we imply. Regarding lights on trolleys, we feel that any attempt to simplify the design of bed-head lights would be welcome, and when it is necessary to light the lower part of the bed another source should be brought in. We have not yet s x n any b-d-head lighting fitting which enables one to examine the patient's toes and also enables him to read which is not a potential glare source to others.
Mr Clark mentioned the obstructions which may occur at the bed-head; in our written paper we have recommended that even if the lighting fitting at the bed-head has no directional adjustment, it should be capable of being swung back to the wall. We don't know the expected life of the sort of fittings we have been discussing, or the life of a hospital, but we are satisfied that our proposals are economical; we agree that the life of a ward may be 60 years, and that the fittings should be changed three or four times in the period. It should be possible in five or ten years' time to utilise the same wiring outlets for improved fittings, as we have not reached the ultimate design. The economics of Iowlevel night-lighting are not unfavourable, as explained in the paper. We have seen experimental models of lighting fittings mounted on the tops of partitions; they are too high for the daily cleaner, who will clean nothing above 6 ft. Used for general lighting they are quite good, but for night-lighting we reiterate the point about nightmares; we have asked a number of medical people, and the general opinion was that the darker the ceiling the better.
On the economics of fluorescent lighting, our opinion is that it is difficult to justify the installation of tungsten lighting in wards over a long term; however, it may well suit in initial planning to have tungsten lamps which can be changed for fluorescent later. There seems to be few opportunities for using circular tubes in medical lighting. An experimental design has been attempted (but not prozeeded with) for an examination lamp with a circular tube and a small spot-lamp in the middle to regulate the hardness and depth of shadow; this could be useful in the exam-ination of cavities.
We have seen and experimented with ceilingmounted bed-head fittings using optical focusing. Being out of reach such fittings get no daily cleaning; the focus is very critical, and if the beds are moved the light falls on the floor between them. The use of 'console' units is an American practice which we have not seen in this country. The console consists of a box-like structure, on the wall or recessed into it, containing services such as a supply of compressed air, oxygen, and electricity. It usefully disguises the plumbing but has the disadvantage of tending to put the fitting in a position which is not necessarily optimum.
On Mr Tate's point about combined bed-head units, we did show such a fitting; we have seen others, imported from Scandinavia, where two or three tubes are mounted in a box with a movable baffle to direct the light upwards or downwards. This does not fit our specification, as we think it is a dust trap and maintenance is required frequently. As for bedhead units with sloping louvers-we have tried specular louvers, light absorbing louvers and the glass which Mr Tate mentions, but none of these was satisfactory. The idea of using a lighting slot at the junction of the wall and ceiling, as described in the paper, is very suitable for corridors, but we would not recommend it for wards as the lighting would cease to be individual, and the patient could not switch it off when wanting to sleep.
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We have asked medical colleagues about patients on trolleys, and their reactions to a series of ceiling fittings. A semi-comatose patient going under them receives a series of optical 'shocks', and there is a discernible increase in heart beat; the effect is heightened by dilatory drugs. We have been told that the principal changes of colour in the patient's face which must be observed are jaundice, cyanosis and hyperaemia. The opinions of the medical men we have consulted are not unanimous, but in general provided the illumination level is adequate the type of source is apparently unimportant.
Replying to Mr Harrison-Jones, we can state that when fittings of the types described in our paper are used, ambulant patients and staff will certainly not be subjected to appreciable discomfort conditions. In general, glare indices on the trial installations described were assessed as being better than 10 at any point in the ward.
We sympathise with Mr Locksley Hare's difficulties of providing lighting to the specification of laymen; when his lay-committee examined the model ward he refers to, did they in fact lie in the bed for at least two hours to make a proper assessment of lighting conditions? A propos corridor lighting, the matter of glazing in walls to wards is mentioned in the written paper.
M r Wilson mentioned individual control to bedhead lights; in every case we assume that the patient will have this control by a switch.
M r Pritchard and Mr Bellchambers raise points which indicate there is some confusion about our recommendation of lighting levels. The 2-6 Im/ft2 refers to the illumination coming on the patient's face from the general lighting; we pointed out that this does not takeintoaccountflux from the bed-head lighting, which produces 15 Im/ft2 when required. In practice the arrangement does not produce any unacceptable diversity, and does permit the design of general fittings which will give glare indices in the region of 10.
In his remarks Mr Bellchamber seems to imply that merely scaling down the normal illumination conditions would lead to a satisfactory arrangement for night-lighting; unfortunately this is not so, and properly designed night-lighting equipment is essential to produce the desired conditions. On cleaning and sterility, mentioned by Mr O'Leary, our recommendations regarding construction were based on advice we received from the Public Health Research Laboratory regarding the transfer of infection; it is very advantageous if a fitting can be taken out to be cleaned elsewhere. We felt that curtained wards had to be excluded from the demonstration, but it is possible to position a wall-mounted fluorescent fitting so that its midline
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ARTIFICIAL LIGHTING IN HOSPITAL WARDS : DISCUSSION coincides with the curtaining and the lighting is shared o n either side. W e must point out that while o u r paper provides solutions t o certain commonly-[net problems, it is also intended t o be a guide t o good practice along certain lines we have explored. Special cases will require development, but most situations can be adequately dealt with by using fittings of the types we have described. 
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